Introduction And Background
The optic head has an intricate and highly vascular blood supply originating from the ophthalmic artery. The anatomy of the vessels in the optic head is important for the understanding of diseases that affect this site and their treatment. Such an example is the obstruction of the optic nerve head arterial blood supply.
Review Structure and embryology
The optic head or disc is a posterior structure, approximately 4mm medial from the fovea, is pink-white (paler than retina) and 1.5mm in diameter [1] [2] . It is the site where optic nerve fibres aggregate to exit the eye as the optic nerve, raised on its edge and depressed centrally where the central retinal vessels enter and leave the eye. As there are no photoreceptors, it is insensitive to light (blind spot). The optic head consists of a surface nerve fibre layer, prelaminar region, lamina cribrosa, and retrolaminar region [3] [4] . The vessels at the optic head are exposed to different hydrostatic pressures; anterior to the lamina cribrosa, the tissue is exposed to the intraocular pressure, and posteriorly to the cerebrospinal fluid pressure [2] .
The optic head blood supply during development stays relatively the same. The embryonic fissure closure in the second month traps the hyaloid artery centrally, eventually becoming the central retinal artery entering via and supplying the optic head. The choroidal vascular system develops, with the short posterior arteries becoming the principle supply to the optic nerve head [1] .
Arterial supply
The optic head is supplied by branches of the ophthalmic artery which originate from the internal carotid artery. Multiple anastomoses between its eleven branches and the external 1 carotid artery allow adequate blood flow to the choroidal and central retinal arteries if the ophthalmic or internal carotid arteries become occluded. Rarely, the central retinal artery comes from the middle meningeal artery [2] .
At the optic head, posterior to the laminar cribrosa, the arteries are larger (arterial and arteriolar) than those anteriorly (arteriolar and capillary). At this level, the central retinal artery has the structure of a medium-sized artery and is susceptible to atherosclerosis [1] . This anatomic end artery supplies blood to the inner two-thirds of the retina and surface nerve layer of the optic nerve though provides little to no vascular supply to the prelaminar, lamina and retrolaminar layers [2] [3] [4] [5] [6] .
FIGURE 1: Blood supply to optic nerve head
The short posterior ciliary arteries arise from the ophthalmic artery as it crosses the optic nerve, divides into 10 to 20 branches and moves anteriorly around the optic nerve and entwines with the short ciliary nerves [1] [2] 4] . The paraoptic vessels enter the sclera medially, laterally and rarely superiorly to the nerve and are the principle blood supply to the optic head [3] . They act as end arteries, and where their supply joins at the optic head, there is a watershed zone susceptible to ischaemia [3] . The high variability in the pattern of blood supply to the optic head means either artery or one alone may supply it. Because of this, occlusive disorders of the same short posterior ciliary artery result in different types of visual loss and manifestations between eyes [3] .
To demonstrate the vascular complexity of the optic head, it is generally accepted that the prelaminar region is supplied by the peripapillary choroid composed of the scleral short posterior ciliary system and the recurrent choroidal arteries; the lamina cribrosa is supplied by centripetal branches from the short posterior ciliary arteries either directly or by forming the circle of Zinn and Haller; the retrolaminar region has a peripheral centripetal vascular supply from the pial network of vessels and sometimes an axial centrifugal supply from the central retinal artery [6] .
At the prelaminar region, the scleral short posterior ciliary arteries travel through the sclera and the border tissue of Elschnig to reach the prelaminar space without traversing the choroid, supplying traverse capillaries and precapillaries. Recurrent choroidal arteries supply centripetal branches of the peripapillary choroid. Cilioretinal arteries are present in 15-20% of people from a larger connection between the capillaries of the central retinal artery on the disc surface and posterior ciliary arteries. They are infrequent sources of prelaminar precapillaries and supply the area of retina between the optic disc and macula. It does not anastomose with the central retinal artery or its branches but is important in occlusion of the central retinal artery [1] . Axons on the surface of the optic head receive blood supply from the branches of the central retinal artery, reinforced by the branches from the circle of Zinn [2] .
The circles of Zinn and Haller are a rich vascular circle, often incomplete and may be substituted for small branches of the paraoptic short ciliary arteries from the sclera. The circles are contributed by vascular branches of the short posterior ciliary arteries, including the recurrent pial branches from the pial sheath of the leptomeninges, recurrent choroidal arteries, and direct branches to the retrolaminar and laminar parts of the nerve head (these are infrequent). Intraneural branches from the central retinal artery may be a small contribution. In this region, there are also intraseptal vessels of the retrolaminar region which are large precapillaries and capillaries surrounding the axon bundles extending from the lamina cribrosa posteriorly to the intraorbital nerve.
The pial network is made up of recurrent branches from the peripapillary choroid and circle of Zinn and Haler (or the short posterior ciliary arteries in that area) that run posteriorly; and small meningeal branches from the central artery as it pierces the pia mater to form an extensive plexus of vessels. The anastomoses between these two vessels are very small, and the central artery of the retina is considered to be an end artery without communication to the choroid [1] [2] [3] .
Central collateral branches from the central retinal artery as it enters the optic nerve have been described. They may pass anteriorly toward the lamina cribrosa with the central artery, and may pass posteriorly within the optic nerve toward the optic canal and supply the macular nerve fibres [1] .
Venous and lymphatic drainage
The veins draining the optic head and the remaining orbit have no valves, are tortuous and freely anastomose. There are also no lymphatic vessels or lymphoid tissue.
Venous drainage of the optic nerve head is much simpler than its arterial supply. Venules drain into the central vein of the retina formed by tributaries that accompany the arteries, being onethird to one-fourth larger [1] . Occasionally, there are septal veins in the retrolaminar region which drain into pial veins [2] . Some small venules from the prelaminar region or from the nerve fibre layer (opticociliary veins) drain into the choroid [2] . The central retinal vein is susceptible to increased intracranial pressure transmitted by the cerebrospinal fluid as it passes through the subarachnoid space.
The central retinal vein can drain directly into the cavernous sinus or superior ophthalmic vein, but always has a connection with the superior ophthalmic vein [1] . Should the cavernous sinus become thrombosed, the connection with the superior ophthalmic vein allows alternative drainage to the pterygoid venous plexus.
Microscopic structure and blood-tissue barriers
The veins and arterioles of the optic nerve head have no elastic lamina and few smooth muscle fibres. The endothelial lining the blood vessels is non-fenestrated with tight junctions between them to reduce permeability and form the blood-tissue barrier. However, at the optic head, it is incomplete due to continuity between the extracellular spaces of the choroid and the optic nerve head at the level of the choroid (in the prelaminar region) with a potential route from the choriocapillaris, along Bruch's membrane to the glial sheaths of cells in the prelaminar zone. This pathway is prevented by tight junctions between astrocytes.
Innervation of the vascular supply
The choroidal arteries supplying the nerve head and the central retinal artery and vein up to the lamina cribrosa have a plentiful supply of vasomotor post-ganglionic sympathetic fibres from the superior cervical sympathetic ganglion [1] .
Increased sympathetic activity in the eye is believed to cause arterial vasoconstriction and reduced blood flow, reducing the formation of tissue fluid at the blood-retinal barrier and in formation of aqueous humor. By doing so, the increased production of tissue fluid from the elevation in blood pressure is counteracted [1] .
Parasympathetic innervation of the arteries is from the oculomotor nerve via the ciliary ganglion and the facial nerve via the pterygopalatine ganglion. Its vascular role is not fully understood [1] .
Clinical features of an obstruction to the optic nerve head arterial blood supply
The paraoptic short posterior ciliary arteries are the principle blood supply to the optic nerve head and create a watershed zone where flow is determined by resistance within the vessels, intraocular pressure and systemic blood pressure. If the optic nerve head is located within this area and blood flow is reduced, it is vulnerable to ischaemia resulting in anterior ischaemic optic neuropathy (AION) [3] . Common causes are thrombotic/embolic lesions, such as giant cell arteritis (GCA) and other vasculitic diseases, or transient nonperfusion/hypoperfusion, such as in shock, nocturnal hypotension and internal carotid and/or ophthalmic artery stenosis or occlusion [3] .
AION presents with pathognomonic symptoms and signs. Patients have sudden and painless visual deterioration, worse when waking in the morning. Their visual acuity may be normal or reduced, and perimetry is the most important functional test. It shows relative or absolute defects over the visual field, the most common is a inferior nasal sectorial defect, next is an inferior altitudinal defect and/or central scotoma, and the least common are optic disc-related field defects [7] .
Ophthalmoscopy always identifies optic disc oedema which may be more in one part of the disc than the other [8, 10] . Often this is associated with splinter haemorrhage(s) at the margin of the disc [11] [12] . Asymptomatic optic disc oedema usually precedes visual loss in non-arteritic AION [13] . Oedema resolves by two to three months and is replaced by pallor of the disc, either sectoral or generalised. However, there is little to no relation to the severity of visual loss and degree of disc pallor. Patients with diabetes may have telangiectatic-dilated vessels over the disc and increased peripapillary retinal haemorrhages; wrongly treated and diagnosed as proliferative diabetic retinopathy with optic disc neovascularisation [3] .
Giant cell arteritis causes a chalky white optic disc oedema in two-thirds of eyes. Once this has resolved, the discs develop cupping of the optic disc indistinguishable from glaucoma except that the neuroretinal rim is pale [11, 14] .
Fluorescein fundus angiography can be used in the early stages of AION which show filling defects in the optic disc, peripapillary choroid and/or choroidal watershed zones with late disc staining [11, [15] [16] [17] . In GCA, the nasal blood supply is often affected [3] .
Other features to be aware of are patients with GCA, often middle-aged and older, may have the global symptoms of the disease, although 20% of cases of AION are due to an occult variety of GCA where there are no systemic symptoms [3] . ESR and CRP may be elevated in arteritic AION, the latter being more sensitive in diagnosis and management of GCA. Visual loss in arteritic AION is massive in 50% of eyes, with 25% having 6/12 vision or better [7] . Temporal artery biopsy often diagnoses GCA but is negative in 5% of cases [15, 18] . In non-arteritic AION, a history of amaurosis fugax is highly suggestive of embolic phenomenon preceding permanent blindness [3, 19] . The aggressive use of arterial hypotensives combined with nocturnal hypotension can also cause progressive visual field deterioration [20] [21] .
Central retinal artery occlusion also causes sudden unilateral loss of vision, but the optic head is normal in 17% of cases within one week of occlusion [22] . Often, the disc is pale (39%) and some may have initial hyperaemia. Rarely is there a whitish accumulation of retrograde axoplasmic flow. Over time, 63% of eyes develop pale discs by one month, 79% after two months and 91% by four months [10] .
Conclusions
The optic head receives its intricate and variable end arterial blood supply from the posterior choroidal circulation. Understanding its vascular anatomy is important in clinical practice, for understanding pathology, disease processes, presentation as well as their treatment, and why it is highly susceptible to ischaemia.
